Introduction
The Himalayan mountain arc is an active region of contemporary continental plate collision. The relative motion across the belt from the Eurasian plate to the Indian plate is now well determined from sea-floor spreading data (Chase 1972) giving a relative velocity vector of about 6 cm/year along a direction 15" E. The manner in which this collision vector is accommodated within the mountain belt is fundamental to the understanding of such structures.
On any traverse across the compression zone the time average of the displacements across faults will equal the total slip vector across the zone although folding of surface rocks or large numbers of slow moving active faults will make such a description incomplete. The length of time required for adequate averaging will be long compared to the return period of large earthquakes. However it is likely that movement is concentrated on major faults. Therefore measurements across such faults should provide most of the information about the present active tectonics of the region.
The region
The Himalayan mountain belt, forming the northern frontiers of India, is the source region for important rivers of North India. Therefore several major multipurpose river valley projects are under construction. The School of Research and Training in Earthquake Engineering, University of Roorkee, Roorkee has undertaken a long-term programme of studies in the region to enable adoption of adequate safety measures for engineering projects. The present report pertains to observations at Kalawar near Dehradun, India (Fig. 1 ).
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FIG. 1. Map of India showing the direction of slip vector keyed to the location of measurement.
The area is in the Kumaon lower Himalayas adjacent to the main boundary fault. The lower Himalayas are thrust over the foot hill belt consisting of a narrow geographical spread of Siwalik sediments and are marked by intense tectonic activity.
Two important structural features traceable for a distance of over 400 km, running nearly parallel to each other are the Krol and Nahan thrust. Throughout their lengths these thrusts generally vary in strike direction between 90" W and 30" W. The two thrusts almost merge together in the area under reference (Fig. 2) . The Krol thrust has brought the Mandhali-slates over the younger Subathu Dagshai shales and is marked by heavy crushing and copious water seepage. The Nahan thrust has brought the Subathu-Dagshai in juxtaposition with the Nahan sandstones.
The site and instrument installation
A gallery through the Nahan thrust at Kalawar was made to facilitate the construction of a water pressure tunnel and to provide an insight into construction problems in the intra-thrust zone. The geological section dong the Kalawar gallery is given in Fig. 3 . A cross-cut to this gallery at 282 m from the portal has been used for the measurements reported here. An isometric diagram of this cross-cut in Fig. 4 shows the position of the measurement bases in relation to the thrust plane. There is a second unused cross-cut itself which also traverses the Nahan thrust and is shown in the diagram. At this site, well-developed slickensides are observed. These are orientated within 5" of the true dip direction. The true dip magnitude is 30" and is in the direction 45" W.
The cross-cut has been used since 1969 for measurements of tilt between the two bases separated by 22-m distance, using a portable water tube tiltmeter (Agrawal & Gaur 1972 the same bases as used for the tiltmeter. The instrument is operated at reduced sensitivity but it could also be operated at tidal sensitivity if desired (Bilham & King 1970) . In view of the sl-ickensides, the tilts and strains recorded by the instruments are interpreted as resulting from displacements concentrated at the fault plane.
General considerations for interpretation of measurements
Before interpreting the measurements made across the Nahan thrust it is worth considering what may be determined by instrumental measurement across a fault. Let it be assumed that the rocks on either side of the fault act as rigid bodies and the instrumental measurements fully span the shear zone. If the slip vector of the fault is given by:
(1) then the displacement vi measured in a direction having direction cosines all, azi, will be vi = x1 u l i + x , a,i+x,a3i.
Thus three different displacement measurements (i = 1,2,3) will give three equations similar to equation (2), which may be solved to yield the slip vector.
Although these measurements give the slip vector they do not define the fault plane. Assuming that the fault plane is a plane of slip and not a tensional crack, the slip vector must lie in the fault plane. The latter is therefore partially constrained.
If the strike of the fault is known, three measurements permit the determination of the dip of the fault (provided that the fault is not purely strike slip). If the strike and dip of the fault are known then the slip vector may be determined from two displacement measurements. To describe this, it is convenient to take the axis of x1 along the strike and x2 horizontal and in the down dip direction, and xg along the downward vertical (Fig. 5) . Angles 4i lie in the xI, x2 plane and are positive measured from x1 going towards x2 and angles Bi are measured positive from the x,, x2 plane towards x3. The axis system is considered fixed to the block in which x2 is negative.
Since the slip vector must lie in the fault plane x3 = x2 tan&, where OD is the angle of dip.
Equations (2) and (3) give
where x1 is the strike-slip component and x2 is the horizontal part of the dip-slip component of the fault movement. Frequently when both strike and dip of a fault plane can be well determined, slickensides can clearly be observed and their direction determined. If two measurements of fault displacement are made, the slickenside direction should coincide with the direction in which the slip vector is calculated to lie. This is a useful cross-check. It would in principle be possible to use a knowledge of the slickenside direction, the orientation of the fault plane and one displacement measurement to determine the slip vector. Two simple conditions must be fulfilled if the simultaneous equations derived from (3) and (4) are to be soluble. Interpretation of data and discussions
The components of relative displacement with respect to Nahan sandstone (considered fixed) measured across the Nahan thrust are vIilt and vStmin. For vtilt, Otilt = go", = 140". The dip of the fault OD = 30" and the strike of the fault is 45" E.
The values of vlilt and vStrain are taken using Fig. 6 and Fig. 7 . In Fig. 6 , four repeat measurements of relative height of the measurement bases have been plotted against the time. The slope of the best straight line through these give the value of vtilt as -5.2 mm/year, i.e. the base in shales is moving up relative to the one in sandstones. The tilt data presented here are derived from four discrete measurements at intervals of several weeks spread over a little longer than 200 days but similar measurements since 1969 have given the same result (Agrawal & Gaur 1972) . In  Fig. 7 , the continuously recorded horizontal displacement between the bases has been plotted against time. The slope of the curve gives the value of vStrain as -5.5 mm/year, i.e. the base in shales is moving towards the base in the Nahan sandstone. The strain data extends for only 30 days of continuous recording.
Using this data the strike slip component of the fault displacement can be calculated to be +0.38 mm/year and the horizontal component of the dipslip motion -9.02 mm/year and is orientated 132" E of North. This is well within 5" of the up-dip direction and therefore compares well with the slickenside direction. It is difficult to make any definite assessment of the errors involved in measurements and therefore in determining the slip vector. However, on the basis of small fluctuations of the rate of movement since 1969 and the accuracy with which the calculated direction of slip coincides with slickenside direction it is felt that the results may not be in error by more than 10 per cent. Certainly effects of mount instability would seem to be small but no definite assessment is possible. The instruments however share the same end mounts and it is conceivable that these mounts do not span the entire thrust zone. If this is the case the determination of slip direction could be unaffected but the magnitude of the total slip vector would be underestimated.
The authors are aware that the vector is nearly at 90" to the direction of slip between India and Eurasia and the results of fault plane solutions (Fitch 1970) for the Himalayan front. This should however not create any doubt that the reported measurements are not representative of the moment along the Nahan thrust, since there is no particular reason to suppose that the result of measurement at any one site could be representative of the regional movement.
It is of interest that creep events of the type observed on the San Andreas fault (Nason 1969) are absent from the strainmeter record. The uniform rate of movements as revealed by discrete measurement at irregular intervals by the tiltmeter for over 3 years is also indirectly suggestive of the absence of creep events.
